The role of Product Lifecycle Management (PLM) in business change varies in scope and impact. PLM initiatives range from Information System (IS) change to strategic business transformation, and capabilities to implement PLM successfully are unclear. The paper identifies a PLM framework for transition and related variables. Understanding these variables influence successful PLM transformation. Methods: The methods used in this paper include a literature review on existing frameworks available for PLM initiatives. This paper is based on a PLM case study done between 2011 -2015, when the company's strategy transformed it from an engineering company to a product and service company.
INTRODUCTION
PLM is a key initiative for many companies, but the methods used and results obtained from PLM initiatives are conflicting. The promised value of PLM initiatives is not always realized or even evident after PLM implementation. Due to the rapid pace of digitalization and the emerging service economy, PLM is under pressure to deliver on its promise and go even further in the future [Sääksvuori 2016 ].
This paper focuses on research and models that can be applied to the manufacturing industry, where the character of the business is complex solution deliveries that require deep technology and engineering capabilities. This low-volume, high-mix solution is typical for many European manufacturing companies. The challenges that these engineering technology companies face when implementing PLM are dependent on the product, service and PLM maturity level. The business characteristics are often project-driven Engineering, Procurement and Construct (EPC) solution deliveries. This paper looks at how the case company applied and implemented PLM to transform to a product-service company.
For a PLM transformation to succeed, it is important to understand the different areas that must be taken into consideration before and during the PLM initiative. Existing PLM , Donoghue I.D.M., Lea T. Hannola L.T., Papinniemi J.J., 2018 . Product lifecycle management framework for business transformation. LogForum 14 (3) , 293-303. http://dx.doi.org/10.17270/J.LOG.2018.264 294 research is reviewed in the context of the case company's industry logic and PLM implementation requirements. The approaches that are of interest are those that can be used or applied to an engineering technology company that is transforming to a product-service driven company. The literature review answers the following questions: − what PLM maturity models exist that can be used to understand the current state and set the degree of transformation? − what PLM models or guidelines exist that can be used in an engineering technology company to implement the transformation?
Therefore, the current state, the company's objectives and readiness need to be mapped from the following viewpoints: 1. What are the objectives for the PLM change? 2. What is the definition level of products and services? 3. What is the current state of the company's operating model (enterprise architecture)? 4. What product and services definition change is needed to achieve the objectives? 5. What changes are needed in the operating model (enterprise architecture) to achieve the business capabilities? 6. How to implement change in an organization (program and change management)?
This paper is divided into three parts. The first part is a literature review (Section 2) of exiting models based on research findings. The second part is a case study based on the PLM business transformation that was carried out between 2011 -2015 (Section 3). The third part (Section 4) concludes what was learned from the case study and the literature review, and how well the research supported the transformation carried out in the case company. In addition, there is a list of new additional questions that require further investigation.
LITERATURE REVIEW PLM Maturity Models and Framework
Vezzetti et al. published a maturity review of the different available PLM Models [Vezzetti, Violante, Marcolin, 2013] . The PLM models reviewed include areas that are considered important for PLM implantations. The high-level areas that are covered in the different PLM models are: 1. Business dimension influencing PLM 2. Maturity Model 3. Guidelines for PLM implementation
The literature review presents six alternative PLM approaches that can be used to understand PLM maturity and plan how to proceed. Out of the six models presented, the origin of five is academic and one originates from consultancy [Stark, 2006] . The characteristics of the different models vary and their focus varies from information systemcentric to business strategy-centric.
Out of the six models presented in the study by Vezzetti et al. , the models that can be utilised in a low-volume high-mix products and services are of interest [Vezzetti, Violante, Marcolin, 2013] . Table 1 summarises the main characteristics of the PLM models selected. Vezzetti et al. conclude that the main objective of using a PLM Maturity Assessment is to make the implementations of PLM more approachable and a plannable process [Vezzetti, Violante, Marcolin, 2013] . The PLM models offer a starting point for a company to structure PLM. It also offers management a way to phase the PLM development in more manageable parts that have a logical sequence [Silventoinen, Papinniemi, Lampela, 2009 ].
Saaksvuori and Immonen [Sääksvuori, Immonen, 2005] present how a company can implement a corporate-wide PLM concept impacting the related processes, and information systems [Silventoinen, Papinniemi, Lampela, 2009] . The principle of this maturity model is a phased approach that a company goes through when implementing PLM. It covers possible changes to the enterprise architecture and organisational Donoghue I.D.M., Lea T. Hannola L.T., Papinniemi J.J., 2018 . Product lifecycle management framework for business transformation. LogForum 14 (3), 293-303. http://dx.doi.org/10.17270/J.LOG.2018.264 295 culture. However, the focus here is more on the Information Management PLM system and related data models. Processes are presented, but they are high level core business process reviews [Silventoinen, Papinniemi, Lampela, 2009] . Sääksvuori and Immonen's maturity model has 5 maturity levels [Sääksvuori, Immonen, 2005] . Silventoinen et al. [Silventoinen, Papinniemi, Lampela, 2009] proposed a modified version of this model that is presented in Table 1 . This model is divided into five maturity levels: (1) Unstructured, (2) Repeatable but intuitive, (3) Defined, (4) Managed and measurable, and (5) Optimal process and concepts that are continuously refined. Stark's [2006] PLM model is similar to the model of Sääksvuori & Immonen [2005] . However, the business dimension is divided into 3 areas, as presented in Table 1 . The important addition is the company focus and the introduction of the lifecycle concept from the customer's and company's point of view. This introduces the concept of an inside-out versus outside-in view of the product and service lifecycle. This can also be seen as a logical step towards creating a customerdriven operating model in an enterprise. Moreover, this can lay the foundations for integrating customer experience and service design elements to a PLM Model. The maturity model presented is similar to Sääksvuori's [Sääksvuori, Immonen, 2005] . Kärkkäinen et al.'s [Kärkkäinen, Pels, Silventoinen, 2012] model is the newest PLM model is built on earlier models. A significant addition is the introduction of the customer dimension. This model introduces the need to consider customer needs and the customer knowledge in a PLM implementation. According to Karkkäinen et al. [Kärkkäinen, Pels, Silventoinen, 2012] , PLM includes customer information from three different aspects: (1) information that has value for the customer, (2) traditional customer information about the customer, and (3) information from the customer how the products and services are used in operational life [Kärkkäinen, Pels, Silventoinen, 2012] . This enables a company to create insight into how the customer operates based on operational product-service information. This opens up an interesting possibility to align Customer Relationship Management (CRM) and PLM. Kärkkäinen et al. present a maturity model that is similar to Sääksvuori's [Sääksvuori, Immonen, 2005 ] and Stark's [2006] . However, the significant addition to their maturity model is the addition of customer information and customer insight that can be gained from it as a company advances from level to level. One missing element from this model is the guidelines how to implement PLM. This can be applied from either Sääksvuori or Stark's [Sääksvuori 2016] .
All the models presented in the references do not cover the products and services that are impacted by the PLM implementations. The models are also missing the product definitions presented by Haines [2009] .
The challenge for any company is to identify the most relevant model that can be adapted to the contexts of the business. These models offer a starting point to create a systematic approach and understand the PLM transformation (Current state vs. To-be state).
CASE COMPANY
The case company provides leading technologies and solutions to different industry areas and the solutions provided to the customer range from spare parts to operate and maintain, and equipment for production plants. The business transformation started in 2010 and the first steps to organise PLM development started in 2011. The transformation was the responsibility of a dedicated internal development organisation for the business lines and areas.
The first operating model development phase focused on core and supporting business process development and IS. This led to siloed process development and IT system development, which did not work together. In addition, the supporting IT development was independent of the core processes they were supposed to support. These first attempts to deploy failed due to the uncoupling of process and IT application. Only limited capabilities from the operating model could be brought Lea T. Hannola L.T., Papinniemi J.J., 2018 . Product lifecycle management framework for business transformation. LogForum 14 (3), 293-303. http://dx.doi.org/10.17270/J.LOG.2018.264 296 into use. A major challenge was the business lines' concerns that the new operating model did to support their business requirements In 2011, a move towards PLM-driven development was initiated resulting from a productisation audit that covered products and services. The audit highlighted risks in: (1) product management maturity variation, (2) revenue generation insight into and between products, (3) product and service definition of unstructured and missing areas, (4) product management tasks being done in delivery projects, (5) limited cross-product/service knowledge between products in the organisation.
A separate audit was carried out to determine the PLM maturity level. This led to the first objective to create an initial PLM Concept. The focus of the PLM Concept was a simplified process and PDM-centric adaptation of the business dimensions presented by Sääksvuori [Sääksvuori, Immonen, 2005] and Stark [2006] . This concept work led to improved system and process alignment, but the limiting factor was still applicability to the product and service lines.
The case company's product, service and technology portfolio is heterogeneous and was managed independently by the product and technology managers. Most customer deliveries, especially plants and process lines were based on past project deliveries. Some product lines were using systems engineering and Configure-to-Order (CTO) principles and were found at equipment level. Service products were managed as part of the product lines, but typically this was unstructured. Figure 1 illustrates the case company's different industry areas and the technology, products and services that are to be managed over the entire lifecycle. The first task was to define the maturity levels and business logic of the different product lines in the case company. The maturity levels varied across the company, as did the business logic.
Based on the mapping in Figure 1 , the case company's PLM Maturity Levels can be categorised, for example, with Kärkkäinen's model The result highlighted that corporation-wide PLM maturity was at a chaotic and unstructured stage. Moreover, it was evident that equipment and service were at a higher maturity level than the plants and process island. This meant that the strategy would be difficult to achieve if investment in PLM were not made.
The case company strategy was both the driver and justification for the PLM initiative. The alignment to the strategy and the strategic PLM objectives. The strategic drivers were as follows: − 3-fold increase in revenue by the year 2020. − Improve return on investment for customers with efficient operating costs and technology. − 4-fold increase in service business from current level. − Reduce engineering hours in delivery projects − Increase the reuse of products, services and modules in delivery projects. − Increase the level of strategic sourcing to improve cost competitiveness.
, Donoghue I.D.M., Lea T. Hannola L.T., Papinniemi J.J., 2018. Product lifecycle management framework for business transformation. LogForum 14 (3), 293-303. http://dx.doi.org/10.17270/J.LOG.2018.264 298
The PLM initiative also supported several strategic initiatives, for example, (1) customer centricity, (2) customer and companies earning logic, (3) leading technologies, and (4) product-service competitiveness.
Product Definition
The productisation state revealed the need to create a common product and service definition within the company. This led to the Product Definition concept, which defined the information needed to unify the products and services across the company. The definition was divided into two dimensions. The first entailed equipment product definition, service product definition and plant product definition. The second dimension related to the productisation levels (A, B, C, D) that were defined for each product and service.Level A was productised more than 80% and fully managed by product management, while level D was less than 20% and was not managed actively by product management. In addition, the product and service management defined which products and services were productised first based on business prioritisation.
The Product Definition was a modified version of the concepts presented in Haines [11] . The productisation categories that each product had to fulfil were: − Product and Business Management − Sales & Marketing − Engineering − Delivery − Services − Quality, Environment, Health and Safety Each of the above areas contains a set of deliverables that have to be available for the products and services. Based on this available content, the product was assigned a productisation level in the current-stateanalysis and a productisation target based on the product strategy (to-be). The productisation work also prioritized which product definition areas were required for each product and service, for example, new product introduction products had different focus areas to mature products. As an example, the productisation target levels for the products and services to support the product strategies according to the The decision to set different target levels also reflected the current and anticipated reuse level of the products and services in their own industry area, but also in other applications across other industries. This is typical, for example, for automation systems. This also highlighted the need to define the product management roles and responsibilities of the different products and the interfaces between the products. This also requires a product architecture that supports both Engineering-toOrder (ETO) and Configuration-to-Order (CTO) principles as presented in Forza & Salvador [10] . Due to the nature of the solution business that the company is in, the product definition and PLM concept created two addition definitions that were the (1) productin-product concept, and the product-andservice time-dimension. The first concept identified the relationships between (1) equipment and services, (2) equipment and production processes, (3) processes and plants. Additionally, software system relationships were defined for the above products and services. The product-and-service time- Lea T. Hannola L.T., Papinniemi J.J., 2018 . Product lifecycle management framework for business transformation . LogForum 14 (3) , 293-303. http://dx.doi.org/10.17270/J.LOG.2018.264 299 dimension defined three things: (1) the product platform relationship to scalable products, for example, size, and continuous improvement to extend the product lifecycle. The second (2) defined the integration possibilities of the products to create larger system. Finally (3), the relationship between the physical product and the pre-delivery, delivery and postdelivery services.
Strategy driven PLM framework in case company
The first challenge was the role of PLM in the company's organisation and operating model. Initially, it was a functional part of the Research and Development (R&D) Core Business Process. PLM was seen as only having a role in the R&D Process function and it was located between the Process and supporting IT systems. Based on (1) the productisation audit, (2) the PLM Maturity analysis and (3) the interviews carried out with the product and business line heads, it was clear that there was a business need for a corporate Product Lifecycle Management concept.
The first objective was to position PLM in the correct place in the organisation and operating model. An overall framework was created to support the PLM initiative based on Osterwalder [Osterwalder, Pineur, 2010] and TOGAF principles (Figure 2 ). This was used to argue the importance and organisational location of PLM, but it also gave clarity to the whole enterprise architecture development. The business model is used to identify the existing and missing business capabilities. For the PLM framework, these capabilities are categorised into three capability domains: (1) PLM, (2) products and services, and (3) customer. The products and services are central to defining the value proposition in the business model. Similarly, customer knowledge is the basis for defining the Customer Segments [Osterwalder, Pineur, 2010] . According to Osterwalder [Osterwalder, Pineur, 2010] , the company uses customer segments to understand what value is created and who its key customers are [Osterwalder, Pineur, 2010] . Both the existing and missing capabilities originate from the strategy and business model. The business model capability defines what PLM must do in the operating model (Enterprise Architecture), and these PLM capabilities can be further broken down into PLM features and requirements. The capabilities are the parts of the enterprise architecture that are divided further into convenient sized changes or revisions to the organization, processes, information and IT Architectures (Figure 2) . The capabilities that drove the PLM model in the case company were: (1) product, service and module reuse, (2) increase service business, and (3) reduce engineering hours in delivers. One of the problems that arose was the need to develop capabilities that were applicable to all or some business areas. The most challenging were those capabilities that were totally unique to a certain business line (Figure 3) . The capabilities defined a PLM framework for the case company that had 3 lifecycles phases and interaction between the different product layers that needed to be managed. The framework is an adaptation of the lifecycle phase presented by Stark [2006] . Once this work was carried out, the development project could be as scoped with understandable business capability sets to support prioritised business needs in the one of the three PLM lifecycle phases, and product and service areas. The subsequent stages from here involved typical process, information and IT system development that also included deployment and change in management to onboard the organisations.
DISCUSSIONS AND CONCLUSIONS
How can PLM development succeed with the emerging new technologies e.g., IoT, realtime simulation, or artificial intelligence? We think it cannot do so without understanding the relationship between strategy, business models, products, technologies and how the enterprise architecture is built. PLM can drive product excellence and innovation, but we still do not have a clear structure and execution framework that also includes the customer dimension aligned with strategy and business models. However, we see that the addition of these dimensions is essential for PLM to support future needs. As a theoretical contribution to the study, we propose the rough framework shown in Table 2 , which could be developed to include these areas. This model also introduces the relationship with strategy and business models. As practical contributions, we see that PLM can have two different approaches in companies. The first is the approach where PLM is information system-centric, and very often only PDM-centric. The second is business-driven, where PLM is a strategic initiative that covers the operating model, products and services. In the case company, PLM was started solely as an Information Management PDM initiative to improve the operating model that mainly supported the R&D business process digitalisation. Following the limited benefits gained with this approach, the decision to move to a PLM business transformation initiative that implemented the strategic drivers through product and service definition and corporate wide PLM strategy, created value by means of Donoghue I.D.M., Lea T. Hannola L.T., Papinniemi J.J., 2018 . Product lifecycle management framework for business transformation. LogForum 14 (3), 293-303. http://dx.doi.org/10.17270/J.LOG.2018.264 301 the realisation of corporate and business unit strategies.
However, the case company's PLM drivers were efficiency-orientated and drove PLM from an inside-out viewpoint. This approach does not focus on the customer's voice or insight to understand the customer's business need and selection of the correct solution to achieve their business objectives over a sustainable lifecycle. The inside-out approach creates an environment where PLM is seen to implement short-term benefits rather than long term benefits through sustainable and evolving customer relationships. By nature, PLM is strategic and the improvements are realised in the long run. This work is measured in years and must be a constant form of systematic and manageable evolution from one maturity level to the next. It is important for companies to understand what their maturity level is and what type of change they are trying to achieve with their products, services and PLM management system, but also customers. These areas must be developed together. Therefore, products and services are the core of PLM. This leads to the question whether PLM should be driven from an outside-in approach that starts from customer insight and strategy. If the approach is changed to outsidein, then the needs and insight of the customers would drive PLM over their lifecycle. This would lead to a situation where the products and services would better fulfil the customers' evolving requirements and improve customer experience. This could also lead to a better understanding of how services and digitalization could be implemented in companies, and support ways of integrating service design and customer experience with PLM.
